Relationship between DT-diaphorase-mediated metabolism of a series of aziridinylbenzoquinones and DNA damage and cytotoxicity.
A series of 2,5-bis-substituted 3,6-diaziridinyl-1,4-benzoquinones have been tested for their ability to be reduced by the two-electron NAD(P)H:(quinone acceptor) oxidoreductase [DT-diaphorase (DTD); EC 1.6.99.2]. Symmetrically alkyl-substituted carbamoyl ester analogs of 2,5-ethyl(carboethoxyamino)3,6-diaziridinyl-1,4- benzoquinone [AZQ], 3,6-diaziridinyl-1,4-benzoquinone (DZQ), and its 2,5-dimethyl derivative (MeDZQ) were tested. The rate of reduction by DTD was DZQ greater than MeDZQ greater than n-butyl- (D5) greater than sec-butyl- (D7) greater than n-propyl- (D3) greater than methyl- (D1) greater than ethyl- (AZQ) greater than i-butyl- (D6) greater than i-propyl- (D4) substituted derivatives. The hydroxyethylamino analog (BZQ) was not a substrate for DTD. The order of toxicity to HT-29 human colon carcinoma cells (at 1-log cell kill) was MeDZQ greater than DZQ greater than BZQ greater than D1 greater than D5 greater than AZQ greater than D7 greater than D3 greater than D6 greater than D4. Dicumarol, a known inhibitor of DTD, was capable of inhibiting the cytotoxicity of DZQ, MeDZQ, AZQ, D3, D4, D5, D6, and D7, with little inhibition of D1 cytotoxicity. Alkaline elution assays suggested that DZQ induced DNA strand breaks, whereas MeDZQ induced DNA interstrand crosslinks in HT-29 cells. The formation of both classes of lesions was inhibited by dicumarol. DZQ and MeDZQ were 5-6-fold less cytotoxic to the DTD-deficient BE cell line, whereas BZQ was more cytotoxic to this cell line than the HT-29 cell line. BZQ was capable of inducing dicumarol-insensitive DNA interstrand crosslinks in both cell lines. In summary, these data show a trend between the rate of reduction by DTD of an analog and its ability to induce cytotoxicity in HT-29 cells, and they support a role for DTD in the bioreductive activation of AZQ and its analogs.